The report of the World Health Organization (WHO) of 2008 defines osteoporosis as a disease characterized by low bone mass and an increased risk of fracture. Postmenopausal osteoporosis is connected to the decrease in estrogens concentration as a result of malfunction of endocrine ovarian function. Low estrogens concentration causes increase in bone demineralization and results in osteoporosis. Physical activity, as a component of therapy of patients with osteoporosis, has been used for a long time now. One of the forms of safe physical activity is the vibration training. Training is to maintain a static position or execution of specific exercises involving the appropriate muscles on a vibrating platform, the mechanical vibrations are transmitted to the body of the patient. According to the piezoelectric theory, pressure induces bone formation in the electrical potential difference, which acts as a stimulant of the process of bone formation. Whole body vibration increases the level of growth hormone and testosterone in serum, preventing sarcopenia and osteoporosis. The aim of this study was to review the literature on vibration exercise in patients with postmenopausal osteoporosis based on the PubMed and Medline database. While searching the database, the following key words were used 'postmenopausal osteoporosis' and 'whole-body vibration exercise'.
Introduction
Osteoporosis, a systemic skeletal system disease affecting patients in different ages characterized by a significant increase in fractures likelihood due to a decrease in bone mineral density (BMD) and abnormal bone microarchitecture [1] . Osteoporosis is mostly observed in female population, where a significant increase in incidence is recorded after menopause. This specific type of osteoporosis is being called postmenopausal, and is mainly caused by the cessation of the endocrine ovarian function. Estrogen deficiency exacerbates bone demineralization processes resulting in bone abnormal microarchitecture. Postmenopausal osteoporosis treatment in the 21 st century has evolved focusing on prevention, screening, diagnosis and early and very specified therapy. However, still treatment of this disease remains a long-term process, not giving 100% guarantee for inhibition of its development. Many medicines that can be administered orally or parenterally, have a different mechanism of action, and can cause more problems when deciding to initiate treatment. This confirms the need for specific recommendations on how, when and who to treat with post-menopausal osteoporosis in accordance with the principles of evidence-based medicine [2] . An indispensable element in the treatment of osteoporosis should be physiotherapy, which if used professionally and systematically improves the quality of life of patients and reduces the risk of main causes of fractures, which result from falling. Among the physical methods, various forms of physical activity deserve special attention [3, 4] . In patients with osteoporosis due to an increased risk of fall, the physical activity must be first of all safe. One of the forms of safe physical activity is the vibration training. Training is to maintain a static position or execution of specific exercises involving the appropriate muscles on a vibrating platform, the mechanical vibrations are transmitted to the body of the patient [5] .
According to the piezoelectric theory, pressure induces bone formation in the electrical potential difference, which acts as a stimulant of the process of bone formation. A stronger stimulator of osteogenesis is the effort performed in the upright position than in the horizontal, which explains the good effects of the vibration therapy. Whole-body vibration (WBV) increases the level of growth hormone and testosterone in serum, preventing sarcopenia and osteoporosis [6] . Vibration exercise also increases muscle strength and neuromuscular coordination, which in the case of patients with osteoporosis can reduce the risk of falls resulting in broken bones. Whole-body vibration is also one of the elements of the ICARO (Innovative Comprehensive Active Rehabilitation of Osteoporosis) strategy [7] .
Despite its effectiveness still many studies not fully determined the correct vibration frequency range which is most effective. In animal studies, there is also no consensus as to the frequency of vibration. Flieger et al. [8] gave the vibration treatment to postmenopausal female rabbits. Experimental groups were exposed to vibration at a frequency of 50 Hz and acceleration 20 m/s 2 , for 5 weeks, about half an hour a day. In relation to the control group in the exhibited animals a significant increase in BMD (p < 0.05) was observed. Oxlund et al. [9] compared the effect of different frequencies of vibration on the process of bone formation in animals and demonstrated that the frequency of 45 Hz most effectively stimulates osteoblasts division and inhibits bone resorption (vibrations were applied daily for 90 days for 30 minutes). Wolf et al. [10] in experimental studies, used low-frequency vibrations to stimulate healing of bones in sheep. Six sheep were exposed to vibration at a frequency of 20 Hz and an amplitude of 2 mm for eight weeks. Between the exposed and the control group there were no significant differences, however, in 11% of the exposed group, adhesions were stronger. Chen et al. [11] conducted an experiment on 76 rabbits after fracture of the radius. Rabbits were divided into six groups. Five groups were exposed to vibration with frequencies of 12.5 Hz; 25 Hz; 50 Hz; 100 Hz and 200 Hz. The analysis of the results showed that the rate of healing for exposed groups does not depend on the frequency, but it is statistically higher than in the control group. The strength tests showed that animals exposed to the fracturing force are from 20% to 30% higher in comparison to the control group. Analyses showed that the value of a fracturing force depends on the frequency and adopts the largest value for 25 Hz, than for 50 Hz, 12.5 Hz, 100 Hz and 200 Hz.
The aim of this study was to review the literature on vibration exercise in patients with postmenopausal osteoporosis based on the PubMed and Medline database. While searching the database, the following key words were used 'postmenopausal osteoporosis' and 'whole-body vibration exercise'.
Review of research
The first researches on the impact of vibration on the process of bone formation were carried out on animals [8] [9] [10] [11] [12] . Over the last ten years, the interest of this form of the therapy for osteoporotic changes has increased; that is why a large number of publications on the human model were performed. Many of studies evaluate the effectiveness of this type of therapy especially in the increase in bone density, some of them concern the analgesic effect and other put the importance of its influence on balance and overall fitness.
Whole-body vibration exercise and bone density Studies concerning the bone density effect mostly demonstrate an increase in BMD, depending on the duration and vibration frequencies. In order to investigate the effect of vibration on post-menopausal bone loss Rubin et al. [13] used a vibration frequency of 30 Hz and acceleration of 2 m/s. Each of the 70 women tested twice daily (2 × 10 minutes) by 12 months was subjected to WBV. A decrease in bone loss by 1.5% was diagnosed in the spine and 2.17% at the femoral neck region. It was noted that the greatest benefit from the use of vibration was provided to women weighing less than 65 kg, who obtained an increase in BMD by 3.35%. Ruan et al. [14] assessed the impact of the therapy on the vibration platform in postmenopausal women with osteoporosis. In the study, 116 women were divided into two groups. In the first group, the vibration platform therapy was applied (frequency of vibration 30 Hz, amplitude of 5 mm). Treatment lasted for 10 minutes, 5 times a week for 6 months. The patients of the second group and the control group were not subjected to any treatment. Before the beginning of the study and after the completion, BMD was studied in both groups. In the treated group after 3 months, BMD of the lumbar region increased by 1.3% and 4.3% in the sixth month. Bone mineral density in the control group decreased in the third month, but the results were not statistically significant. In the sixth month BMD decreased in this group by 1.9%. In the research group, BMD of the femoral neck region increased slightly after the vibration therapy after 3 months, but without statistical significance. In the sixth month BMD increased by 3.2%. In the control group BMD was not significantly reduced in the third month, but decreased significantly in the sixth month (1.7%) compared with the baseline results. In the treated vibratory group also chronic back pain decreased, which was assessed by the Visual Analogue Scale (VAS).
A similar experiment was carried out by Rubin et al. [15] in order to investigate the effect of vibration on post-menopausal bone loss. Researchers used a vibration frequency of 30 Hz and acceleration of 2 m/s. Each of the 70 women tested was subjected to WBV twice daily (2 × 10 minutes) for 12 months. A decrease in bone loss by 1.5% was diagnosed in the spine and 2.17% at the femoral neck region. It was noted that the greatest benefit from the use of vibration was enjoyed by women weighing less than 65 kg, who obtained an increase in BMD by 3.35%.
Furthermore, Verschueren et al. [16] carried out 6 months' vibratory exercise experiment on a group of 21 postmenopausal women (58-74 years old) who performed five different exercises involving the muscles of the lower extremities. Gradually the load of vibration exercise was increased by the oscillation frequency (35-40 Hz), the amplitude of motion (1.7-2.5 mm), the number and exercise time (max. 30 minutes). The study showed an increase in bone density of the hip bone of 0.93% after 6 months of vibration exercise. Similar conclusions were presented in a work of Lai et al. [17] . The experiment was performed on a group of 28 women with vibroacoustic therapy (30 Hz, 3 times per week, 5 minutes, 6 months of therapy). The studies showed an increase in BMD of 2.032% (p = 0.047), whereas in the control group it decreased by 0.046% (p = 0.188). Similar conclusions were shown in the work of Von Stengel et al. [18] . They executed the experiment on 108 postmenopausal women, randomly assigned to 3 groups. The first group underwent vibrating therapy (12.5 Hz, amplitude of 12 mm, three 15 minutes' sessions per week) connected with the dynamic exercises of deep knee bends, second group -only vibrational therapy (35 Hz, amplitude of 1.7 mm, three sessions per week, for 15 minutes), third group -performed low-intensity exercises. In all groups at baseline and at 12 months of training, BMD in the hip and spine areas were measured. The results showed an increase in BMD at the lumbar spine area in vibrational therapy groups.
Results of meta-analysis of the effects of the vibration therapy on BMD in postmenopausal women, young adults and children done by Slatkowska et al. [19] showed similar conclusions to those presented above, that is, postmenopausal women -an increase in hip BMD; no increase in BMD and the tibia, young adults -no increase in BMD of the spine and hip, children and young people -a significant increase in BMD of the spine and tibia.
Whole-body vibration exercise influence on the balance state and overall fitness A large group of studies indicate an influence of vibration therapy not only on BMD but focus on balance control and overall fitness (health-promoting influence). Gusi et al. [20] reported that studies on a group of 28 postmenopausal women, randomly divided into two groups -first group treated with the vibrational therapy (12.6 Hz), second group walking (55 minutes of walking and 5 minutes of stretching). Both experimental programs consisted of three sessions per week for 8 months. In both groups, BMD in the area of the lumbar spine and hip was examined and a balance test was performed. After 8 months, BMD at the femoral neck area in a vibratory treated group increased by 4.3% (p = 0.011) compared to the group who performed walking. In contrast, BMD at the lumbar spine region remained unchanged in both groups. The balance improved in vibration treated group by 29%. The group which performed walking showed no improvement in balance. This clearly indicates the beneficial influence of this type of therapy on general health.
Similar conclusions were shown in a work of Stolzenberg et al. [21] . They compared the efficacy of classical balance training (BAL) and WBV on postural control in post-menopausal women with low bone density. In the study of 68 patients of which 57 completed the nine-month therapy. All patients had resistive exercise. They were randomized into two groups, the BAL (n = 31) performing progressive balance and coordination exercise and WBV-group (n = 26) performing vibration exercise for four minutes (from 24 to 26 Hz and from 4 to 8 mm range) on the Galileo Fitness. Each month, the performance of a single leg stance exercise on a standard unstable surface (Posturomed) was tested. Single leg stance, Romberg-stance, semi-tandemstance and tandem-stance were tested on a ground reaction force platform (Leonardo) twice, at the beginning and the end of the study. The speed of movement on the Posturomed improved by 28.3 (36.1%) (p < 0.001) in the WBV-group and 18.5 (31.5%) (p < 0.001) in the BAL-group by the end of the nine-month period, but there were no differences noted between the two groups (p = 0.45). Further studies of the same authors [22] noted that WBV lasting for a short time can improve the neuromuscular function in post-menopausal women with low bone density than proprioceptive training (countermovement jump, multiple hopping and sit-to-stand tests).
Furthermore, Klarner et al. [23] studied postmenopausal women and the effects of various kinds of WBV exercises on neuromuscular performance and body composition. In the Erlangen Longitudinal Vibration Study II (ELVIS-II-Study), 108 postmenopausal women between 60 and 75 years of age were selected and divided into three groups. Two WBV training-groups (n = 36 each) performed an identical exercise three times a week for 15 minutes on two different types of vibration surfaces for a period of one year: vertical vibrating, 35 Hz; 1.7 mm (VG) and rotational vibrating 12.5 Hz; 12 mm (RG). A control group (n = 36) performed a low intensity exercise involving relaxation and gymnastics. Muscular strength and power increased. Body composition was determined by dual-energy X-ray absorptiometry (DXA). Patients answered the questions in a questionnaire concerning pain intensity. According to the study, maximum leg strength (VG: 24.4 %; RG: 26.6 %; KG: 6.2 %; p < 0.001) and maximum trunk flexion strength (VG: 12.2 %; RG: 11.5 %; KG: -5.5 %; p = 0.01) significantly increased in WBV groups (control group no significant changes). It was noted that there were no changes in body composition parameters such as lean body mass, appendicular muscle mass, fat mass in all analyzed groups, but both WBV groups reported a sig-nificant decrease in pain intensity in the large joints (p < 0.05). This study clearly indicates similar results about pain intensity after WBV therapy in postmenopausal women presented by Ruan et al. [14] . This beneficial effect is very important in improving the quality of life of osteoporotic patients.
Time of the WBV therapy is one of the most important elements of its success, short time of the therapy can be connected to its limited effectiveness. Gómez-Cabello et al. [24] studied 49 old people, 20 men and 29 women. They were randomized into WBV group or control group. A group of 24 elderly exercised on a vibration platform 3 times a week for 11 weeks. With the use of dual-energy X-ray absorptiometry and peripheral quantitative computed tomography bone-related variables were assessed. The effects of the intervention on the bone-related variables and the changes within the group throughout the intervention period were determined with the use of two-way repeated measures one-way analysis of variance (group by time). The differences between groups for bone-related variables in pre-and post-training assessments and in the percentage of change between groups were tested by analysis of covariance. Age, height, subtotal lean mass and daily calcium intake as covariates were analyzed. Bone mineral content and density measured by dual-energy X-ray absorptiometry did not show any changes. Wholebody vibration training revealed no changes. Bone mineral density decreased significantly in the whole-body vibration group (all p < 0.05). The study concluded that a short-duration WBV therapy is not enough to change bone mineral content or BMD. In elderly people it causes minimal changes in bone structure.
Whole-body vibration exercise can be a useful addition to pharmacological therapy during osteoporosis. Iwamoto et al. [25] studied a group of postmenopausal women (aged 51-91) with osteoporosis over a period of 6 months treated with WBV. The study group of women was receiving alendronate and furthermore was divided into two groups: an exercise group (WBV twice weekly for 4 minutes) and a control group (no exercises). After 6 months of the WBV exercise, the results showed that flexibility, body balance, and walking velocity were significantly improved in the exercise group compared with the control group. It was noted that the reductions in serum alkaline phosphatase and urinary cross-linked N-terminal telopeptides of type I collagen during the 6-month period were comparable between the two groups. The study highlighted the beneficial effects of WBV exercises to improve physical function in postmenopausal osteoporotic women treated with alendronate. And it clearly indicated that this type of therapy can be a useful tool in restoring efficiency. Similar studies were conducted by Iwamoto et al. [26] . They studied the influence of WBV exercises on the reduction of alendronate on BMD and chronic back pain in women with osteoporosis over a period of 12 months. The main aim of this study was to ascertain whether WBV would improve the effect of alendronate on lumbar BMD and bone replacement, and reduce chronic back pain. In the study, 50 post-menopausal women with osteoporosis (aged 55-88) which were divided into 2 groups of 25 patients each. The first group took 5 mg alendronate daily (ALN) and the second one took alendronate plus exercise (ALN + EX). The WBV on a Galileo machine had an intensity of 20 Hz weekly for 4 minutes. Lumbar BMD was measured by dual energy X-ray absorptiometry (Hologic QDR 1500 W). Urinary cross-linked N-terminal telopeptides of type I collagen (NTX) and serum alkaline phosphatase (ALP) levels were measured by enzyme-linked immunosorbent assay and standard laboratory techniques, respectively. Chronic back pain was evaluated by face scale score at baseline and every 6 months. According to the study, it was noted that there were no significant differences in baseline characteristics, including age, body mass index, years since menopause, lumbar BMD, urinary NTX and serum ALP levels, or face scale score between the two groups. The increase in lumbar BMD and the reduction in urinary NTX and serum ALP levels were similar in the ALN and ALN + EX groups. In contrast, the reduction in chronic back pain was larger in the ALN + EX group than in the ALN group. The study appears to be a major breakthrough in the treatment of reducing chronic back pain by the use of a Galileo machine. The probability is the effect of relaxing the back muscles by in post-menopausal osteoporotic women treated with alendronate.
Whole-body vibration exercise -bone mineral density conflicting results
According to Bemben et al. [27] , WBV effect on BMD is not as clear in humans as in animal models. They examined 55 postmenopausal women with estrogen-deficiency who performed the WBV and resistance training on BMD and bone metabolism over an 8 months' period. The patients were divided into three groups: a resistance training group -R (n = 22), a WBV plus resistance training group -WBVR (n = 21), and a control group -CON (n = 12). In the study, R and WBVR groups performed upper and lower body resistance exercises 3 days/week at 80% 1 repetition maximum (1RM). WBVR received vibration (30-40 Hz, 2-2.8 g) in three different positions preceding the resistance exercises. At baseline and after the study, daily calcium intake, bone markers (ALP); C-terminal telopeptide of type I collagen (CTX), and BMD of the spine, dual femur, forearm, and total body (DXA) were measured. It was noted that at baseline, there were no significant group differences in strength, BMD, or bone marker variables. After 8 months of R or WBVR, there were no significant group or time effects in ALP, CTX, or total body, spine, left hip or right trochanter BMD. However, right total hip and right femoral neck BMD significantly (p < 0.05) decreased in all groups. A group x time interaction (p < 0.05) was detected at radius 33% BMD site, with CON slightly increasing, and WBVR slightly decreasing. R and WBVR significantly (p < 0.05) increased 1RM strength for all exercises, while CON generally maintained strength. WBVR had significantly (p < 0.05) greater percent increases in muscular strength than R at 4 months for lat pull-down, seated row, hip abduction and hip adduction and at 8 months for lat pull-down, hip abduction and hip adduction. Bone metabolism was not affected by resistance training in both groups with or without WBV and extra WBV increased the positive effects of resistance training on muscular strength in women.
Beck et al. [28] also noted that humans were not examined as the animal models and low versus high intensity WBV was unknown. The WBV was an alternative therapy for loss of musculoskeletal competence in old people. The main aim of the 8 months' study was to assess the effect of low and higher intensity WBV on risk factors for hip fracture in 47 postmenopausal women. The study was randomized and examined the influence of low-intensity WBV (15 minutes, 30 Hz, 0.3 g/twice a week) or higher intensity WBV (2 × 3 minutes, 12.5 Hz, 1 g) on anthropometrics, bone (whole body, hip, spine, forearm, and heel), muscle (wall squat and chair rise), and balance (tandem walk and single leg stance). Physical activity, daily calcium, and compliance were measured. Effects were examined by repeatedmeasures analysis of covariance, controlling for age, height, weight, calcium, physical activity, compliance, and baseline values. There were no differences in both groups in any measure at 8 months, but within-group effects were evident. Controls lost bone at the trochanter (-6%, p = 0.03) and lumbar spine (-6.6%, p = 0.02), whereas WBV groups did not. Whole-body vibration patients improved wall squat (up to 120%, p = 0.004) and chair rise performance (up to 10.5%, p = 0.05). Over a period of 8 months of twice-weekly WBV may reduce bone loss at the hip and spine and improve lower limb muscle function. These changes may reduce the risk of falls and hip fracture. Slatkowska et al. [29] conducted a study in a group of 202 healthy postmenopausal women. Patients were randomly allocated into three groups: two research groups and one control. Patients from the research groups were subjected to vibrational therapy (0.3 g, 90 Hz or 30 Hz, 20 minutes per day, for a period of 12 months). All study participants received additionally vitamin D and calcium. The studies found no effects of the vibration therapy on BMD change in postmenopausal women who received calcium and vitamin D.
Discussion
Most of the in vitro research have demonstrated positive effects of WBV therapy on bone remodeling in case of postmenopausal patients. These conclusions are based on the theory that WBV exercise therapy as a form of physical activity can regulate bone maintenance and stimulate bone formation including the accumulation of mineral, in addition to strengthening muscles, improving balance, and thus reducing the overall risk of falls and fractures (as a primary result of osteoporosis and its consequences). Sadly this theory may be undermined due to the lack of changes in the activity of many bone turnerover markers as a result only of physical activity. It may bring significant doubts about influence on the processes of resorption and bone formation. In addition it is very important to remember that positive results can be indicated only in situation of a bone remodeling misbalance as a result of postmenopausal osteoporosis or any other osteological diseases. Similar conclusions were shown in work of Slatkowska et al. [29] . They found no changes in BMD in postmenopausal women who were subjected to WBV. What draws the attention is the fact that post-menopausal patients qualified for this study were healthy (had no osteoporotic changes), which might suggest that this form of therapy is more effective for bone tissue of a reduced density. At the same time we read that in Gomez-Cabello's work [24] , a decrease of bone mineral density was observed. Bone mineral density decrease in the group in which vibrations were performed as well as in the groups practicing without vibrations and the control one were observed also in Bemben's work [27] . In Iwamoto's research [25, 26] the BMD increase in the group using vibration exercises was identical as in the non-exercising group and simply stemmed out from simultaneous aldosterone treatment in both groups. Thus, the research results are not at all explicit.
Others researches of Slatkowska et al. [19] gave us the conclusions that vibration training may cause a significant increase in bone density in children, increase in bone density in postmenopausal women, and increase bone density in young adults. In addition, it is difficult to answer the question whether the effectiveness of WBV is comparable or higher than other forms of physical activity. According to Borer et al. [30] , Srinivasan et al. [31] , Czarkowska-Pączek et al. [32] , to receive a positive effect of the exercise in postmenopausal women it should be dynamic, exceed a threshold intensity, exceed a threshold strain frequency, be relatively brief and the duration period of bone formation and remodeling should be conducted in the treatment of long time. The minimal period after which BMD can be evaluated and the results of physical activity (including WBV) on bone remodeling can be established is 12 months. Therefore the conclusions shown in Gómez-Cabello et al. [24] studies are inappropriate. They analyzed influence of vibration exercises on BMD carried out only for an 11 weeks' period, therefore the increase of BMD was not achieved.
Whole-body vibration therapy similar to the other forms of activity effects depend on its intensity, and used frequency. Vibration frequency which was used in presented studies were 12.5 Hz, 20 Hz, 30 Hz, 40 Hz and 90 Hz. Klaner et al. studies [23] compared the efficacy of treatment of the vibration at different frequencies (12.5 Hz and 30 Hz), and demonstrated the efficacy of both frequencies without significant differences between groups. In view of inconsistent results, it is difficult to determine what range of used frequencies would be the most appropriate to obtain positive effects of the therapy. However, it is always necessary to be remember that each time therapy should be started from the lower vibration frequencies gradually increasing them along with the duration of therapy time [33] .
Vibration training can bring success in treating pain resulting from osteoporosis and it increases physical fitness. Increasing muscle strength, neuromuscular coordination and balance, reducing the risk of falls, often resulting in fractures. Noteworthy research of Iwamoto et al. [25, 26] , in which women with postmenopausal osteoporosis were treated with alendronate and combination therapy (alendronate and WBV). In both groups, a similar increase in BMD was found, however, in women treated with the combination therapy, chronic back pain was reduced. The analgesic effect of WBV is also confirmed by Klarner et al. [23] and Ruan Xiang-yan et al. [14] . Beneficial effects on the improvement of physical fitness after the application of vibrational therapy is confirmed by studies of Beck et al. [28] , Bemben et al. [27] , Von Stengel et al. [18] and Gusi et al. [20] . Noteworthy, Rubin et al. [13] research showed that the greatest benefit from the use of vibration were obtained by women weighing less than 65 kg. The process of bone formation is a long process because in most of the studies cited, the therapy lasted 6-12 months.
Conclusions
Accurate clarification is needed to determine the relationships between biochemical factors, bone structure and effectiveness parameters of the vibration therapy for osteoporosis and associated threats.
Whole-body vibration exercise therapy is only one of the types of physical activity recommended for the treatment of postmenopausal osteoporosis and cannot be used as substitute therapy for pharmacological and dietary treatment methods. But it may complement already known and described postmenopausal treatment methods and bring tangible results in therapy.
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